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surfactant compound, still more spec n nf tissue using methylene blue or 
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to photodynamic eradication of cancer c ^ .^^^dynamic sensitizing compound 
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Summary of thft Tnvention 



The present invention provides a method of photoeradication of cells at a tissue site, such as 
during an invitro or invivo disinfection procedure, or during a sterilization procedure, or for 
cancer cell destruction. The method utilizes a combined solution of a photosensitizing dye and a 
surfactant compound. The invention provides a method of disposing the combined solution at or 
near the tissue site and subsequently irradiating the tissues site with laser light at a wavelength 
absorbed by the photosensitizing dye. 

The invention relates to use of a photosensitizing agent, such as methylene blue or 
toluidene blue, in combination with a surfactant compound, such as polymyxin B or SDS, in a 
PDT treatment protocol against bacterial or fungal infections or for cancer cell photoeradication. 
A treatment device is configured to deliver light energy to the area of infection at wavelengths 
ranging from about 450 nm to about 850 mn; provide a dosage rate ranging from about 0 to 
about 1 50 mw/cm2; ^^d provide a light dose ranging from 0 to about 300 W. 

The use of a photosensitizer, e.g., methylene blue or toluidene blue, combined with a 
surfactant compound, such as SDS or polymyxm B, in a photodynamic therapy advantageously 
acts as a broad spectrum antimicrobial, i.e., antibacterial, antiviral, and antifungal agent. The 
dye/surfactant combination and PDT may be used, for example, before a surgical operation. The 
present invention advantageously results in the destruction of gram positive and gram negative 
bacteria and fimgus. Importantly, the present invention acts to destroy antibiotic resistant 
bacteria as it utilizes a different destruction mechanism than antibiotics. 

The invention relates to a method of treating an infection including identifying an in-viyo 
area of infection; applying a concentration including a photosensitizing dye, such as methylene 
blue or toluidene blue, and a surfactant, such as polymyxin B or SDS, to the area of infection; 
and exposing the area of infection with a light having a light wavelength, light dosage and a light 
dosage rate. The light wavelength may range from about 610 nm to about 680 nm. The light 
dosage may range from about 10 W to about 60 W. The light dosage rate may range from 
about 50 mw/cm2 ^ about 150 mwW. The wavelength may range from about 630 nm to 
about 664 mn. The concentration may range from about 10 ng/ml to about 500 ^ig/ml. The area 
of infection may include gram positive and gram negative bacteria, fimgus, or virus including, 
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,. , . .„ a, leas, one of staphylococcus. Candida albicans, escherichia coli. 

but not Irauted to, at least on r . .. , j^uenzae, or Clostridia, 

entetococcus. streptococci, pseudomonus aentgrnosa, hentoplntas .nflue 

• ,„ „,ates to a trea^ent kit including a volume of a concenttatton 
The inventton also «» ^^^^^^ ^ p„„.^„ B ot SDS, 

«„.ng at least a CO— « ^^^^ .^^^^^ ^ 

^ — " el„g tteatnten. device is configured to etni. at 

enutting treatment device. The hgh. etntttrng ^^^^ 

wavelengths ranging fton, ahout 450nn. to about S50«n, p» 

about 0 to about 1 50 nrwW; and provide a light dose rangurg ftom 0 to abo 

.k™, „f trealine an infection, an invitro or invivo 
The invenUon also relates ^ ^^^^^^^ „.e or .ore 

— .0"-. ^ f — rictant on the one or more cells; appl,.g a 

* --^^ ' TrZrrl to a.»ut S50»; a dosage rate rang.g 

light having a wavelength rangmg trom 

V . 1 w mvW- and a hght dose rangmg from 0 to aoout 
from about 0 to about 150 mw/cm an g .botodestruction 

„„e or more cells wherein the combmat.n of h ^t . ^^^^^ ^ ^ 

of the one or more cells. The one or more cells may ^ 

„ The one or more cells may be gram positive or gram negauve. The dye y 
cells. The one or more . ^ , „ , ^„ be monomeric or dunenc. 

blue, toluidene blue, or a combination thereof. The dye may b 

. ^» — :*.-^., ~ 

„i._,a-«->'i*.<" 

nature, and not as restrictive. 

BriefDescriEtion^^ , . „ 

, . a table of results of photodynan^c photoemdica.on using a combined solutton of 

methylene blue and the surfactant, SDS. 
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n^tailed Descrir^^^" ^^^^^ Invention 
I„ accordance wift fl>e tovention, a photodynamic terapy U provided utilizing a 
p„iU.ng agent such as .ethyiene Hue or to.uidene Hue in combination with a surfa. 
Ling agen. or 'surfactanf and a light emitting treatment device such as a hght wand, hght 
patch, light pad or shaped light-emitting article such as a mouthpiece to iliuminate the s„c. 

L present invention may be used in conjunction with or in relation to mventtons 
disclosed in the following applications of the applicanUnduding; 

Method of Enhancing Photodynamic Therapy by Administering an Immunologic 

Adjuvant. U.S. pat. app. Set. No. 09/139,861, pending; 
Expandable Tr^ent Device for Photodynamic Therapy and Method of Usmg 

Same, U.S. pat. app. Set. No. 09/239,353, pending; 
Spatial Orientation and Light Sources and Method of Using Same for Medical 

Diagnosis and Photodynamic Therapy. U.S. pat. app. Ser. No. 09/139,862, now 
U.S. Pat. No.40!iim-; and 
Treatment Device for Topicd Photodynamic Uterapy and Method of Making Same. 
PCTAJS9817589, WO 99/10046, pending. 
All documents within these applications are herein incorporated by reference in their 

entireties for all purposes. 

Photosensiti^ng dyes and compounds for use in. accordance with the present mvenfon 
are generally non-toxic to the targe, microbes and. surrounding tissues at con— 
Tvilged. However, there is no particular re,u^me„t that the photosensiti^s should he non- 
toxic I the microbes. Particular photosensitize which may be t^d in accordance wtth the 
invention include dyes and compounds such as methylene blue and «°'™-- ^ 

surface acting agents, or surfactants, are defined as substances whtch alter the ene^ 
relationship at htterfaces. Among the manifestations of these alters. ^ 
lowering of surface or interfacial tensions. Compounds displaymg surface acttvtty at. 
characlzed by an appropriate structural balance between one or ^ 
and one or more water-repellent groups. St^actants characterized by havtng two d^^ 
moieties, one polar and the other nonpolar. T.e ^lar moeity is referred to as hydrophrltc or 
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, ^ u imnnhilic The electrical charge on the 

Upophobi. and .he nonpol. as hydrophob-c o. '^^^l^^^^^^^,^^^^,,,^, 
,,a™p«Uc ponton of a surface ae.ns a.en. - ~ 
0.ese compounds. Surface acUve a,en. have ^" '^"^^ ^„ ^ 
u * Qnrfartants are known to affect the permeaDUiiy 

o.en.ed he^een «p>d and p«>.h, «..s . .ou^. . produce a 
ability ot surtacianxs lu u H no loneer functions as 

..Hen.Uon o..e apop™.eh. ^^^^^^ -^^^ZZZ L^.^ a^en. 
an effective osmotic barrier. The polym,xms. cohs,methate. and P y 
„,....d.pho.erianaresurfac..as.s..^^^^^^^^ 

. P— s dye comp— ^ n.^- ^^^^^^^^ ^^^^ ^^^^^^ 
i„ combination wiftsurfac^nts. such as SDS and po^my. 

appro— 630^0 nm wave,cng*s ,o provd b oad^speC^m ^^^^ 

— ^ ^::7s::r "::::r::o- adnn... . a . be 

: — :o::d::...n ly in^udc ... appiica... ^ — 

practicable. An intratumoral injection of the solution m y 



of tumor cells. 

A particular tteatinen, pro«>col utilizing ihe pho.osensitizer metirylene b.ue and SDS 

r 0 001% .0 0 01 % has been identified as advanugeous in ti,e desttuction of 
— rrrascandidaa,bicans.eschcrcc.co,i,psc— 

staphylococcus aureus, and streptococcus pneumomae. 

Refe^nce may be made to FIG. 1. which illustrates a schedule of results for an 

1 to the pr^nt invention of photoeradication using mefltylene blue 
investigation accordmg to. he present, ,,564mn. Tl.ela.r 

J' ^ A T)r\r the surfactant, SDS, at a waveiengm ui ^^^^ 
mediated PDT and the surtac ^ ..^..^ Methylene blue concentrations range 

A ^inHp laser with a power output of 1000 m W. meuiyic 
used was a diode laser wim p nnn^to0 01% Light power ranges from 

s to 100 ue/ml SDS concentrations range from 0.003 to 0.01 g P 
from 5 to luu jig/nii. „ r J thf. ppU site Light dosage 
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colony count of 5 would yield a score of '1', while a colony count of 151 would have an 
associated score of '3'. The results of this investigation demonstrated that the solution including 
a surfactant and a photosensitising agent can sensitize several species of bacteria to killing by 
diode laser irradiation. 

A laser light source may be used to practice the present invention. A variety of light 
sources are currently available, and the selection of a particular laser light source for 
implementing the PDT would readily be appreciated by those skilled in the relevant arts. Tlie 
laser source will be selected having regard to the choice of wavelength, beam diameter, exposure 
time and sensitivity of the microbes to the laser/photosensitizer/surfactant combination. 

The above described embodiments of the invention are merely descriptive of its 
principles and are not to be considered limiting. Further modifications of the invention herein 
disclosed will occur to those skilled in the respective arts and all such modifications are deemed 
to be within the scope of the invention as defined by the following claims. 



